Aim: This study evaluated the microhardness and compressive strength of composite and light curing characterizing materials (LCCMs) by intrinsic technique.
INTRODUCTION
The intrinsic technique of direct esthetic dental restoration consists in applying, on the previously polymerized composite, light curing characterizing materials (LCCMs) in thin fi lms (<0.2 mm) followed by polymerization to achieve characterization of direct and indirect composite restorations, such as occlusal grooves, modifi cation of the chromatic tooth or dental hypoplasia. [1] [2] [3] The LCCMs are also used to masking discolored tooth structure, to cover stains or metal, and to simulate white spots. 1 These LCCMs present low fi ller content, so they exhibit low wear resistance, facilitating the loss of characterization after a short time due to the low inorganic fi ller of these tints. 2, 3 Therefore, it is recommended the external coating of the LCCMs with one or more resin layers. 4 However, Pucci et al 5 showed that LCCMs applied using the intrinsic technique can alter the mechanical properties of the composite, harming the cohesive strength at the composite interfaces, and promote a premature failure and compromise the durability of the restoration. They observed that darker pigmented LCCMs showed lower cohesive strength values when compared to white pigmented LCCMs. Currently, composites exhibit a signifi cant improvement in their mechanical properties, increasing the possibilities of its indication. Compressive tests consist to perform vertical stresses on the composites, in order to simulate the forces transmitted to the restorations during the chewing, which can fracture the restorative material and/or tooth. [6] [7] [8] The microhardness expresses the resistance to permanent 7 WJD deformation of the composites, which is proportional to the mechanical strength and wear resistance of composites. 9, 10 Although these materials have been used in dental practice, there are no studies in the current literature that evaluated the possible detrimental effect in the microhardness and compressive strength of the composites when LCCMs are used with the intrinsic technique. The use of these tints may change the physical-mechanic properties of the composite, thus causing early failure and harming the durability of the dental restoration.
Therefore, this current study investigated a simple, but important question relative to the use of LCCMs combined with direct resin restorations, as it evaluated the microhardness and compressive strength of a composite when different LCCMs were applied with the intrinsic technique.
MATERIALS AND METHODS
The materials used and their compositions are shown in Table 1 .
The Two-piece metallic devices with a 3 mm diameter and 6 mm height were developed for this work, which were inserted in a metal holder to keep the two halves in place during preparation of the composite specimens.
For the groups E and T, the composite was inserted in the two-piece metallic devices with a 3 mm diameter and 6 mm height, using the incremental technique and light polymerized according to the manufacturer's specifi cations using an output intensity of 650 mW/cm 2 for 20 seconds (Curing Light XL 3000, 3M ESPE, St. Paul, MN, USA).
The last increment was covered with polyester strips and microscope slide glass to obtain a fl at surface, prior to polymerization.
For the groups B and W, the LCCM was inserted in increments not to exceed 0.5 mm of thickness and cured for 20 seconds. The last increment was covered following the same treatments described above.
For the groups E/W/E, E/B/E E/W/T e E/B/T, the composite Filtek Z350 XT composite (Enamel opacity) was inserted in the two-piece metallic devices with a 3 mm diameter and 5.6 mm height and light polymerized according to the manufacturer's directions. The two-piece tefl on device with a 3 mm diameter and 0.2 mm height was positioned over the fi rst half of the specimens, to standardize the amount of LCCM used for each specimen. A very thin layer of the LCCMs were applied on the composite interface with a brush (Brush 382, Tigre S/A, São Paulo, SP, Brazil), to complete the pre-established height. Each LCCM was activated according to manufacturer's instructions for 20 seconds. The two-piece teflon device with a 3 mm diameter and 0.2 mm height was placed over the LCCM layer and a thin layer of the composite were applied on the LCCM to fi nalize the specimen. The last increment was covered following the same treatments described previously. The specimens were stored in distilled water at 37ºC for 15 days.
Vickers microhardness, at a load of 50 gm, with an indentation time of 10 seconds, was determined using a microhardness tester (FM-700, Future-Tech, Tokyo, Japan). Three indentations were performed on the surface of each specimen, with a distance of 50 μm between them, and the mean Vickers hardness (VH) calculated.
Compressive strength of specimens was measured on a universal testing machine (EMIC 2000, São José dos Pinhais, PR, Brazil) with a load cell of 1000 kgf and a crosshead speed of 0.5 cm/min. Data were tabulated and analyzed statistically using ANOVA and the Tukey test for pairwise comparisons. Signifi cance level was set at 5%.
A Pearson correlation analysis of the relationship between microhardness and compressive strength values was performed with a signifi cance level of 0.05.
RESULTS
For compressive strength, the ANOVA showed a p-value = 0.0000 (F = 1596), with 7 degrees of freedom, which indicated the presence of signifi cant differences between groups.
For microhardness, the ANOVA showed a p-value = 0.0000 (F = 42.9), with 7 degrees of freedom, which indicated the presence of signifi cant differences between groups.
The Table 2 shows the results of Tukey's Test for compressive strength. The group B, which is the control group for the Black pigment, resulted in lower values than other groups; the group W, which is the White pigment control group, showed lower values than other except for group B. The groups E/B/E, E/W/T, E/B/T e E/W/E, which the composite resin was associated to different pigments using intrinsic technique, resulted in values signifi cantly lower than the groups E and T, which were control for the different opacities of composite.
In Table 3 are the results of Tukey's Test for microhardness analysis. The groups W and B, control of pigments have signifi cative lower values than other groups. The groups E/B/T e E/B/E, which associated the Black pigment to composite resin show lower values than enamel resin control group E and Translucent resin control group T.
Pearson's correlation test showed p-value = 0.85, that means strong correlation between the mechanical properties microhardness and compressive strength.
DISCUSSION
This study evaluated possible mechanical properties alterations when composite resins were associated to White and Black pigments using intrinsic technique for characterized direct restorations.
For compressive strength the results of this study showed that the groups B and W, which were control for pigments Black and White obtained significant lower values of compressive strength comparing to other groups. The increase of compressive strength values of composite resins is directly proportional to weight increase of inorganic components. 11, 12 The LCCMs are fl owable composite resins, which have low concentration of inorganic fi ller (12-13% w/v) and high concentration of organic fi ller (86% w/v).
The low values for compressive strength obtained for black pigment (Group B) compared to other experimental groups can be elucidated because this low inorganic fi ller concentration (12-13% w/v), once the composite resin used to perform this study Filtek Z350 XT, opacities Enamel and Translucent, have about 78.5% and 72.5% (w/v) of inorganic fi ller in their composition, giving them high resistance to compressive strength and wear. 13, 14 Beside this, the type and shape of particles (nanoparticles or 'clusters'), from Filtek Z350 XT composite, can infl uence the results, being necessary more studies to confi rm this affi rmation. The results of this study also demonstrated that group B, which was the control for Black pigment, was signifi cantly lower resistant to compressive tests than group W, the control 15 Ferracane et al, 16 Vinha et al, 17 Backer et al 18 and Takamizu et al   19 observed that clear colors composite resin, shown deeper cure compared to dark colors composite resins. Therefore, probably the black pigment can select and fi lter some length wave from light-curing device. 20 Additionally, Friedman and Hassan 20 evaluated the correlation between composite resin colors and conversion degree from monomers to polymers, and concluded that is more diffi cult to convert composite resins which have high quantity of pigments.
The groups E/B/E, E/W/T, E/B/T and E/W/E, that used composite resin associated to different LCCMs employing intrinsic technique shown signifi cant lower values than group E, which was control for Enamel opacity composite resin, and than group T, which was control for Translucent opacity composite resin. Pucci et al 5 believe there is some kind of incompatibility between composite resins and LCCMs, beside this, the lower concentration of inorganic fi ller and the pigments in the LCCMs can affect the cohesion strength between them. Based in the results of this study, it is possible to note that even in lower quantities (0.2 mm thickness), the LCCMs are capable of reduce signifi cantly compressive strength when associated to composite resins employing intrinsic technique. Regarding microhardness, our results demonstrating that group W, which was the control for white color LCCM, and the group B, which was control for black color LCCM, showed signifi cant lower values than other experimental groups. Ratifying these results, previous studies 21, 23 affi rm that superfi cial microhardness increase is directly proportional to increase of inorganic fi ller (weight). The LCCMs black and white have around 12 to 13% of inorganic fi ller in full weight, while composite resin Filtek Z350 XT opacities for enamel and translucent colors (groups E and T), which showed the better values for this study, have in their composition 78.5 and 72.5% of inorganic fi ller respectively. Additionally, other studies 24, 25 observed that polymerization degree directly infl uence the hardness variation of Bis-GMA based composite resins. As LCCMs composition shows high quantities of pigments, the conversion degree from monomers to polymers could be reduced, compromising superficial microhardness of these materials.
The results obtained for this study, show that the association of composite resin to LCCM black performed by intrinsic technique (groups E/B/T and E/B/E) showed signifi cant lower values than group E and T, which were control groups for different opacities, probably because the light curing device capacity of select and fi lter some wave lengths, 20 decreasing polymerization deeper [15] [16] [17] [18] [19] and its conversion degree from monomers to polymers. Thus, darker LCCMs can signifi cantly reduce superfi cial microhardness, when used by intrinsic technique compared to more clear LCCMs, even when employed enamel or translucent opacities of Filtek Z350 XT composite resin (0.2 mm thickness) over black LCCMs in the same thickness (0.2 mm). However, it is necessary to perform more studies to elucidate the results obtained from this study. For the relation between mechanical properties microhardness and compressive strength, Pearson's correlation test (p = 0.85) showed positive and direct correlation between these mechanical properties.
Confirming the founds of this study, previously studies, [26] [27] [28] Indeed, the quality of restorative material cannot be evaluated only according two isolated mechanical properties results. The success of restoration depends of aggregate properties that must be present in direct esthetic restoration: physical, mechanical, esthetics, biophysical and biologics. Thereby, more results must be performed to watch composite resins behaviors when employed associated to LCCMs using intrinsic technique for esthetic direct characterized composite resin restorations.
CONCLUSION
According the results of this study for composite resin Filtek Z350 XT (3M ESPE) associated to LCCMs performed by intrinsic technique for characterized esthetic direct resin restoration, it is possible to conclude that:
The use of white and black LCCMs reduce signifi cantly compressive strength of direct esthetic restorations.
The use of black LCCMs reduce significantly microhardness of direct esthetic restorations.
There is high correlation between mechanical properties microhardness and compressive strength.
